Progress in reducing inequalities in cardiovascular disease mortality in Europe by Di Girolamo Chiara, et al.
40  Di Girolamo C, et al. Heart 2020;106:40–49. doi:10.1136/heartjnl-2019-315129
Original research
Progress in reducing inequalities in cardiovascular 
disease mortality in Europe
chiara Di girolamo   ,1,2 Wilma J nusselder,2 Matthias Bopp,3 
henrik Brønnum- hansen,4 giuseppe costa,5 Katalin Kovács,6 Mall leinsalu,7,8 
Pekka Martikainen,9 Barbara Pacelli,10 José rubio Valverde,2 Johan P Mackenbach2 
Health care delivery, economics and global health
To cite: Di girolamo c, 
nusselder WJ, Bopp M, et al. 
Heart 2020;106:40–49.
 ► additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
heartjnl- 2019- 315129).
For numbered affiliations see 
end of article.
Correspondence to
Professor Johan P Mackenbach, 
Department of Public 
health, erasmus Medical 
center, rotterdam 3062 Pa, 
netherlands;  
 j. mackenbach@ erasmusmc. nl
received 26 March 2019
revised 8 July 2019
accepted 15 July 2019
Published Online First 
22 august 2019
 ► http:// dx. doi. org/ 10. 1136/ 
heartjnl- 2019- 315708
© author(s) (or their 
employer(s)) 2020. re- use 
permitted under cc BY. 
Published by BMJ.
AbsTrACT
Objective To assess whether recent declines in 
cardiovascular mortality have benefited all socioeconomic 
groups equally and whether these declines have 
narrowed or widened inequalities in cardiovascular 
mortality in europe.
Methods in this prospective registry- based study, 
we determined changes in cardiovascular mortality 
between the 1990s and the early 2010s in 12 
european populations by gender, educational level and 
occupational class. in order to quantify changes in the 
magnitude of differences in mortality, we calculated both 
ratio measures of relative inequalities and difference 
measures of absolute inequalities.
results cardiovascular mortality has declined rapidly 
among lower and higher socioeconomic groups. relative 
declines (%) were faster among higher socioeconomic 
groups; absolute declines (deaths per 100 000 person- 
years) were almost uniformly larger among lower 
socioeconomic groups. Therefore, although relative 
inequalities increased over time, absolute inequalities 
often declined substantially on all measures used. 
similar trends were seen for ischaemic heart disease 
and cerebrovascular disease mortality separately. Best 
performer was england and Wales, which combined 
large declines in cardiovascular mortality with large 
reductions in absolute inequalities and stability in 
relative inequalities in both genders. in the early 2010s, 
inequalities in cardiovascular mortality were smallest in 
southern europe, of intermediate magnitude in northern 
and Western europe and largest in central- eastern 
european and Baltic countries.
Conclusions lower socioeconomic groups have 
experienced remarkable declines in cardiovascular 
mortality rates over the last 25 years, and trends in 
inequalities can be qualified as favourable overall. 
nevertheless, further reducing inequalities remains an 
important challenge for european health systems and 
policies.
InTrOduCTIOn
Cardiovascular diseases are one of the leading causes 
of death in Europe where they are responsible for 
approximately 4 million deaths yearly (about 45% 
of the total deaths).1 Ischaemic heart disease (IHD) 
and cerebrovascular disease (CVD), the two main 
groups of cardiovascular diseases, account for 
about 2 million and 1 million deaths, respectively.2 
Cardiovascular mortality decreased remarkably 
across Europe over the last three decades. However, 
these favourable trends were not observed evenly 
across all geographic areas, and an East–West divide 
has been reported.3
Studies that explored socioeconomic differentials 
in cardiovascular mortality in Europe in the 1980s 
and the 1990s reported a North–South gradient 
with larger relative inequalities in Northern than in 
Southern European countries.4 5 This North–South 
divide was mainly driven by differences in mortality 
from IHD, whereas CVD inequalities did not show 
clear geographical patterns. Analyses of temporal 
changes in cardiovascular mortality over the 1980s 
and 1990s highlighted that, while relative inequal-
ities in IHD generally widened over time across 
countries in Western Europe, they remained fairly 
stable in CVD mortality.6 Previous studies have 
paid less attention to what happened to absolute 
inequalities.
As cardiovascular mortality has continued to 
decline rapidly, and a recent update of socioeco-
nomic inequalities in cardiovascular mortality in 
Europe is lacking, the aim of this study is to assess 
whether these declines in mortality have benefited 
all socioeconomic groups equally and whether 
they have narrowed or widened absolute and rela-
tive inequalities in cardiovascular, IHD and CVD 
mortality in 12 European populations.
MeTHOds
data
Mortality data were obtained from official regis-
ters for 12 European populations, encompassing 
Nordic (Finland and Denmark) and Western coun-
tries (England and Wales, Austria and Switzerland), 
Southern populations (Spain: Barcelona, Italy: Turin 
and Emilia), Central- Eastern (Hungary and Poland) 
and Baltic countries (Estonia and Lithuania) and 
covering a period between approximately 1990 and 
2014. For most countries, data came from a longi-
tudinal mortality follow- up after a census in which 
socioeconomic information were obtained from the 
census, and the subjects were followed up to death, 
emigration or new census. All data covered complete 
national populations with the exceptions of Italy (data 
only available for Turin and three towns in the Emilia 
region: Bologna, Modena and Reggio Emilia), Spain 
(data only available for Barcelona) and England and 
Wales (1% sample of the national population). Data 
sources’ characteristics are presented in online supple-
mentary table S1. Data were centrally harmonised to 
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Figure 1 Trends in total cardiovascular disease mortality (ASMR, age- standardised mortality rate) and inequalities (Relative and Slope Index of 
Inequality) by educational level, population and gender, 35–79 years.
enhance comparability and consisted of cause- specific deaths and 
person- years counts by gender, 5- year age group and socioeco-
nomic position (SEP) (online supplementary table S3–S5).
SEP was indicated by educational level and occupational class. 
The highest education attained was classified according to the 
International Standard Classification of Education (ISCED) and 
grouped into three categories: low (ISCED 0–2), middle (ISCED 
3–4) and high education (ISCED 5–6). For England and Wales, 
detailed information was not available for the 1991 census, and 
therefore, low and middle education were combined. Occupa-
tional class was classified following the Erikson- Goldthorpe- 
Portocarero scheme7 and was grouped into five classes: upper 
non- manual employees, lower non- manual employees, manual 
workers, farmers and self- employed. Information on occupational 
class was available in 8 of the 12 populations (online supplemen-
tary table S1); because it is less reliable for women, only occupa-
tional inequalities among men are reported.
The underlying causes of deaths were coded according to the 
International Classification of Diseases and grouped into total 
cardiovascular disease, IHD and CVD (codes detailed in online 
supplementary table S2).
statistical analysis
Analyses by education were restricted to subjects aged 35–79 
years and those by occupation to men aged 35–64 years.
Mortality rates were directly age- standardised with refer-
ence to the 2013 European standard population8 and calculated 
separately by sex, SEP, population and period. To correct for 
the between- country differences in the length of the follow- up, 
average absolute (deaths per 100 000 person- years) and relative 
(%) changes per year in the age- standardised mortality rates 
(ASMRs) by education and occupation between beginning and 
end of the observation periods were estimated.
Differences in mortality by SEP were assessed using relative 
and absolute measures of inequalities. We used three sets of 
quantitative measures, in order to capture various aspects. (1) 
In the analyses by education, relative inequalities were esti-
mated with the Relative Index of Inequality (RII) and absolute 
inequalities with the Slope Index of Inequality (SII). These 
summary regression- based indexes, which allow comparisons 
over time and across populations with different educational 
distributions and require an unambiguous ordering of groups, 
were estimated through Poisson models. The RII and the SII 
quantify the socioeconomic gradient and correspond to the 
expected relative and excess risks comparing the hypothetical 
very lowest and very highest educational positions.9 (2) In 
the analyses by occupation, whose classification is not strictly 
hierarchical, relative and absolute inequalities were quantified 
using the Average Intergroup Difference (AID).10 The abso-
lute version of the AID is defined as the population- weighted 
average of mortality differences between occupational- class- 
specific mortality rates across all possible group- specific pairs 
(number of occupational classes are detailed in online supple-
mentary table S1). The relative version of the AID is obtained 
by dividing the absolute AID by the population- weighted 
average of the group- specific mortality and then multiplying it 
by 100. (3) For both SEP indicators, the population impact of 
differences in mortality was estimated from the ASMRs using 
the population attributable risk (PAR) and the population 
attributable fraction (PAF), which are measures widely used 
in public health assessments to estimate the expected popu-
lation impact of changing the distribution of risk factors in 
that population. The PAR and PAF quantify the absolute and 
relative number of deaths in the whole population that could 
be prevented had everyone in the population the same level 
of mortality as those in the highest SEP. The 95% CIs for the 
average changes, the PAF and the PAR were obtained using 
bootstrapping of 1000 replicas.
In the calculation of mortality differentials by occupational 
class, a correction algorithm was applied to the populations 
for whom information on occupational class among inac-
tive men was lacking, in order to minimise the potential for 
the underestimation of mortality differences. This method-
ology, which has been described elsewhere,11 is based on the 
proportional distribution in the population and the relative 
mortality level of the inactive. Results by occupation are 
commented in the text but only reported in the supplemen-
tary material.
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Table 1 Average relative and absolute changes per year in age−standardised mortality rates (95% CI) between 2010-2014 and 1990-1994 (or as 
otherwise specified) for cardiovascular, ischaemic heart and cerebrovascular disease mortality, by low and high education, population and gender, 
35–79 years
 
Cardiovascular disease Ischaemic heart disease Cerebrovascular disease
relative* Absolute† relative* Absolute† relative* Absolute†
Men
  Finland
   Low −3.6 (−3.6 to −3.5) −26.0 (−26.1 to −25.8) −4.2 (−4.3 to −4.2) −19.7 (−19.9 to −19.6) −3.9 (−4.0 to −3.8) −5.0 (−5.0 to −4.9)
   High −5.0 (−5.0 to −5.0) −20.7 (−21.4 to −19.9) −5.7 (−5.7 to −5.7) −14.5 (−15.0 to −13.9) −5.3 (−5.4 to −5.3) −4.4 (−4.7 to −4.1)
  Denmark‡
   Low −4.3 (−4.4 to −4.3) −20.4 (−26.8 to −24.1) −6.4 (−6.5 to −6.4) −15.1 (−15.4 to −14.9) −2.9 (−3.0 to −2.8) −2.7 (−2.8 to −2.6)
   High −6.0 (−6.0 to −5.9) −16.3 (−17.0 to −15.5) −8.3 (−8.4 to −8.2) −10.2 (−10.9 to −9.7) −5.0 (−5.1 to −4.9) −2.9 (−3.3 to −2.6)
  England and Wales
   Low −5.8 (−6.1 to −5.6) −30.4 (−38.8 to −37.2) −6.1 (−6.4 to −5.8) −21.3 (−21.6 to −21.1) −6.5 (−7.1 to −5.8) −5.2 (−5.4 to −5.0)
   High −6.0 (−6.3 to −5.7) −20.9 (−22.5 to −18.9) −6.0 (−6.3 to −5.7) −13.5 (−14.8 to −12.1) −6.5 (−7.6 to −4.9) −3.6 (−4.5 to −2.7)
  Austria
   Low −4.1 (−4.1 to −4.0) −24.5 (−25.1 to −23.8) −3.6 (−3.7 to −3.6) −11.0 (−11.5 to −10.7) −5.7 (−5.8 to −5.6) −6.6 (−7.0 to −6.3)
   High −4.8 (−5.0 to −4.6) −16.5 (−18.4 to −14.5) −4.7 (−4.9 to −4.4) −8.9 (−10.3 to −7.6) −6.2 (−6.6 to −5.9) −3.9 (−4.8 to −3.1)
  Switzerland
   Low −3.9 (−4.0 to −3.8) −18.3 (−18.4 to −18.2) −4.2 (−4.4 to −4.1) −9.6 (−9.6 to −9.5) −4.9 (−5.1 to −4.6) −3.1 (−3.2 to −3.0)
   High −5.3 (−5.4 to −5.3) −13.4 (−13.8 to −13.1) −6.1 (−6.1 to −6.0) −7.8 (−8.1 to −7.5) −5.6 (−5.8 to −5.5) −2.0 (−2.2 to −1.9)
  Spain (Barcelona)
   Low −3.5 (−3.6 to −3.3) −10.6 (−10.7 to −10.5) −3.7 (−4.0 to −3.5) −4.8 (−4.9 to −4.7) −5.3 (−5.6 to −4.9) −3.6 (−3.7 to −3.6)
   High −4.6 (−4.7 to −4.4) −10.3 (−10.9 to −9.9) −4.9 (−5.2 to −4.5) −5.0 (−5.3 to −4.6) −5.4 (−5.8 to −4.9) −2.7 (−3.0 to −2.5)
  Italy (Turin)
   Low −4.9 (−5.2 to −4.7) −18.6 (−18.9 to −18.3) −4.5 (−4.8 to −4.1) −7.0 (−7.2 to −6.8) −6.0 (−6.4 to −5.4) −5.4 (−5.5 to −5.2)
   High −5.1 (−5.5 to −4.6) −14.9 (−15.7 to −13.9) −4.9 (−5.5 to −4.2) −6.0 (−6.6 to −5.4) −4.6 (−5.3 to −3.3) −2.8 (−3.2 to −2.5)
  Italy (Emilia)§
   Low −6.1 (−6.4 to −5.9) −15.3 (−15.6 to −15.0) −7.5 (−7.9 to −7.1) −9.0 (−9.4 to −8.7) −5.9 (−6.5 to −5.3) −2.7 (−2.8 to −2.5)
   High −7.9 (−8.3 to −7.6) −13.6 (−15.0 to −12.2) −9.3 (−10.0 to −8.6) −7.1 (−8.1 to −6.1) −8.0 (−8.6 to −7.0) −2.9 (−3.5 to −2.3)
  Hungary
   Low −1.8 (−1.8 to −1.8) −22.6 (−22.7 to −22.6) −1.0 (−1.0 to −1.0) −5.8 (−5.8 to −5.7) −3.0 (−3.0 to −2.9) −9.3 (−9.4 to −9.3)
   High −3.6 (−3.7 to −3.6) −22.9 (−23.4 to −22.3) −3.5 (−3.5 to −3.5) −12.4 (−12.8 to −12.0) −4.5 (−4.6 to −4.4) −5.5 (−5.8 to −5.2)
  Poland§
   Low −2.4 (−2.4 to −2.4) −24.0 (−24.1 to −23.9) −4.1 (−4.1 to −4.0) −14.2 (−14.2 to −14.1) −3.7 (−3.7 to −3.7) −7.8 (−7.9 to −7.8)
   High −2.9 (−3.0 to −2.9) −11.7 (−12.0 to −11.4) −5.4 (−5.5 to −5.4) −8.7 (−9.0 to −8.5) −3.7 (−3.7 to −3.6) −2.9 (−3.1 to −2.8)
  Estonia§
   Low −3.2 (−3.4 to −3.1) −42.8 (−43.7 to −42.0) −5.7 (−5.9 to −5.4) −39.0 (−39.4 to −38.6) −8.9 (−9.3 to −8.4) −21.2 (−21.5 to −21.0)
   High −4.7 (−4.8 to −4.6) −27.9 (−28.9 to −26.8) −7.2 (−7.4 to −7.0) −22.1 (−23.1 to −21.1) −10.5 (−11.0 to −9.8) −11.9 (−12.8 to −11.1)
  Lithuania§
   Low −0.6 (−0.7 to −0.5) −7.8 (−8.7 to −6.8) −0.7 (−0.8 to −0.6) −5.9 (−6.6 to −5.1) 0.3 (0.1 to 0.4) 0.7 (0.2 to 1.2)
   High −2.0 (−2.1 to −2.0) −12.5 (−13.0 to −11.9) −2.1 (−2.2 to −2.1) −8.6 (−9.0 to −8.1) −1.0 (−1.1 to −0.9) −1.2 (−1.5 to −1.0)
Women
  Finland
   Low −4.2 (−4.3 to −4.1) −12.7 (−12.9 to −12.6) −5.4 (−5.5 to −5.3) −8.3 (−8.4 to −8.2) −4.4 (−4.6 to −4.2) −3.6 (−3.7 to −3.6)
   High −5.2 (−5.2 to −5.2) −8.1 (−8.6 to −7.7) −6.5 (−6.5 to −6.4) −4.5 (−4.9 to −4.2) −5.2 (−5.3 to −5.1) −2.7 (−2.9 to −2.4)
  Denmark‡
   Low −4.0 (−4.1 to −3.9) −9.6 (−9.7 to −9.4) −6.5 (−6.7 to −6.4) −6.3 (−6.4 to −6.1) −2.9 (−3.0 to −2.8) −1.9 (−1.9 to −1.8)
   High −5.1 (−5.2 to −5.0) −6.2 (−6.7 to −5.6) −8.0 (−8.1 to −7.9) −3.0 (−3.5 to −2.6) −4.4 (−4.7 to −4.2) −1.7 (−2.0 to −1.4)
  England and Wales
   Low −5.6 (−5.8 to −5.3) −14.8 (−15.0 to −14.6) −7.0 (−7.4 to −6.5) −9.4 (−9.6 to −9.2) −5.8 (−6.3 to −5.1) −4.0 (−4.2 to −3.9)
   High −6.2 (−6.6 to −5.8) −10.6 (−12.1 to −9.0) −7.1 (−7.9 to −6.0) −4.8 (−6.0 to −3.6) −8.4 (−9.5 to −6.7) −4.1 (−5.3 to −3.0)
  Austria
   Low −4.8 (−4.8 to −4.7) −14.6 (−14.9 to −14.3) −4.2 (−4.2 to −4.1) −5.3 (−5.5 to −5.1) −6.1 (−6.3 to −6.0) −4.5 (−4.7 to −4.3)
   High −5.2 (−5.6 to −4.9) −9.1 (−11.1 to −7.0) −5.9 (−6.5 to −5.5) −4.1 (−5.6 to −2.7) −5.2 (−6.4 to −4.6) −1.8 (−2.7 to −0.9)
  Switzerland
   Low −4.3 (−4.4 to −4.2) −7.8 (−7.9 to −7.8) −5.4 (−5.5 to −5.2) −3.7 (−3.8 to −3.7) −4.2 (−4.4 to −3.9) −1.6 (−1.6 to −1.6)
   High −4.5 (−4.6 to −4.5) −4.4 (−4.8 to −4.0) −6.4 (−6.6 to −6.1) −2.1 (−2.4 to −1.8) −2.6 (−2.9 to −2.4) −0.6 (−0.8 to −0.4)
  Spain (Barcelona)
   Low −4.4 (−4.6 to −4.2) −5.6 (−5.7 to −5.5) −5.3 (−5.7 to −4.8) −1.9 (−1.9 to −1.8) −5.2 (−5.6 to −4.7) −2.0 (−2.0 to −1.9)
Continued
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Cardiovascular disease Ischaemic heart disease Cerebrovascular disease
relative* Absolute† relative* Absolute† relative* Absolute†
   High −3.0 (−3.2 to −2.7) −2.4 (−2.7 to −2.0) −4.3 (−5.0 to −3.3) −0.9 (−1.1 to −0.6) −5.0 (−5.9 to −3.7) −1.3 (−1.6 to −1.0)
  Italy (Turin)
   Low −4.7 (−5.0 to −4.4) −8.5 (−8.7 to −8.4) −4.6 (−5.1 to −4.1) −2.4 (−2.5 to −2.3) −6.0 (−6.5 to −5.3) −3.3 (−3.4 to −3.2)
   High −6.0 (−6.8 to −4.7) −6.4 (−7.5 to −5.3) −7.3 (−9.8 to −0.4) −2.0 (−2.9 to −1.2) −6.4 (−8.0 to −3.3) −2.2 (−3.1 to −1.5)
  Italy (Emilia)§
   Low −5.6 (−5.9 to −5.3) −6.0 (−6.2 to −5.8) −7.0 (−7.8 to −6.2) −2.4 (−2.6 to −2.2) −5.2 (−5.7 to −4.5) −1.5 (−1.6 to −1.4)
   High −6.6 (−7.0 to −6.0) −5.1 (−6.0 to −4.1) −11.0 (−12.5 to −8.4) −2.4 (−3.2 to −1.6) −6.6 (−8.5 to −4.2) −1.4 (−1.9 to −0.8)
  Hungary
   Low −2.5 (−2.5 to −2.5) −16.2 (−16.3 to −16.2) −1.0 (−1.0 to −1.0) −2.6 (−2.7 to −2.6) −4.0 (−4.0 to −3.9) −7.2 (−7.2 to −7.1)
   High −3.1 (−3.1 to −3.0) −9.9 (−10.6 to −9.3) −2.3 (−2.4 to −2.2) −3.3 (−3.7 ot −2.9) −4.4 (−4.5 to −4.3) −3.4 (−3.8 to −3.0)
  Poland§
   Low −3.0 (−3.0 to −3.0) −14.1 (−14.2 to −14.1) −4.5 (−4.5 to −4.4) −5.8 (−5.9 to −5.8) −4.6 (−4.7 to −4.6) −6.1 (−6.1 to −6.1)
   High −4.2 (−4.3 to −4.1) −7.8 (−8.3 to −7.4) −6.6 (−6.7 to −6.5) −3.5 (−3.8 to −3.3) −5.9 (−6.0 to −5.7) −3.0 (−3.3 to −2.8)
  Estonia§
   Low −3.8 (−4.0 to −3.6) −23.9 (−24.7 to −23.1) −7.6 (−8.0 to −7.2) −20.1 (−24.5 to −19.8) −9.6 (−11.4 to −8.8) −14.2 (−14.7 to −13.8)
   High −5.2 (−5.3 to −5.1) −12.8 (−13.5 to −12.1) −8.5 (−8.8 to −8.1) −8.3 (−8.9 to −7.7) −11.8 (−12.4 to −11.1) −7.8 (−8.5 to −7.1)
  Lithuania§
   Low −1.0 (−1.1 to −0.8) −6.1 (−6.9 to −5.4) −0.4 (−0.5 to −0.2) −1.3 (−1.8 to −0.7) −1.0 (−1.2 to −0.8) −1.8 (−2.1 to −1.4)
   High −2.9 (−3.0 to −2.8) −7.3 (−7.8 to −6.8) −3.3 (−3.4 to −3.3) −4.4 (−4.8 to −4.0) −2.8 (−2.9 to −2.7) −2.2 (−2.5 to −1.9)
*Average per annum percent change in mortality.
†Average per annum absolute change in mortality (deaths per 100 000 person- years).
‡Average per annum changes between 2010–2014 and 1995–1999.
§Average per annum changes between 2010–2014 and 2000–2004.
Table 1 Continued
resulTs
In this study, 2 152 018 deaths occurred over 504 631 113 
person- years of follow- up.
Trends in mortality by education
Since the 1990s, there was a dramatic decline in total cardiovas-
cular, IHD and CVD mortality among low and high educated 
men and women in Nordic, Western and Southern European 
populations (figure 1, online supplementary figure S1–S2). 
Central- Eastern European and Baltic countries also experienced 
a mortality decrease with the exception of Lithuania, where 
ASMRs increased until the end of the 2000s, especially among 
the low educated, and declined afterwards.
Estimates of the average changes in total cardiovascular, IHD 
and CVD mortality by education showed that generally, in both 
genders, absolute declines were larger among the low educated, 
while relative declines were larger among the high educated 
(table 1). However, there were a few exceptions. Larger absolute 
and relative declines among the high educated (or even an increase 
in mortality among the low educated) consistently occurred in 
Lithuania. Conversely, relative declines were not clearly larger 
among the high educated for CVD mortality among men in Turin 
(Italy) and all groups of causes among women in Barcelona (Spain).
Trends in mortality inequalities by education
Changes in mortality rates among low and high educated caused 
important changes in the magnitude of inequalities; regardless of 
the measure, inequalities measured on an absolute scale mostly 
decreased, while those measured on a relative scale generally 
rose over time (figure 1, table 2, online supplementary table S6).
In both genders, absolute inequalities in total cardiovascular, 
IHD and CVD mortality, measured through the SII, went mark-
edly down in most populations or remained stable. Nonethe-
less, such favourable trend was not consistently seen in Hungary 
(total cardiovascular mortality among men, IHD mortality in 
both genders) where the SII noticeably increased by the 2010s. 
The PAR of all groups of causes mirrored the SII patterns and 
decreased in almost all populations.
Irrespective of gender, relative inequalities in total cardiovas-
cular mortality, measured through the RII, increased in most 
countries but remained fairly stable over time in England and 
Wales, Southern European populations and Estonia. Changes 
in relative inequalities in IHD mortality showed a very similar 
picture; relative inequalities in CVD mortality did not uniformly 
rise and, among men in Turin (Italy), the less educated caught up 
and differences became non- significant. The PAF of all groups 
of causes rose almost uniformly among men; among women 
patterns were muddled.
Figure 2 presents a summary picture of changes in abso-
lute and relative inequalities in total cardiovascular mortality 
between the 2000s and the 2010s. Being in the upper left 
hand quadrant of this graph means that absolute inequali-
ties declined over time while relative inequalities increased, 
while being in the lower left hand quadrant implies that both 
absolute and relative inequalities declined. The latter was the 
case for both genders in England and Wales, women in Austria 
and Barcelona (Spain) and men in Turin (Italy). A country’s 
position in the upper right hand quadrant implies instead an 
increase in absolute and relative inequalities; this happened 
among men in Lithuania and women in Turin (Italy). Summary 
graphs for IHD and CVD mortality showed similar patterns 
(online supplementary figures S3–S4). Of note, a decrease in 
absolute inequalities coupled with a decrease or a stable trend 
in relative inequalities for all groups of causes was seen among 
men in England and Wales and in Turin (Italy).
Current educational differences between countries
In the 2010s, age- standardised cardiovascular mortality rates 
were higher among low than high educated men and women 
in all European populations, but the absolute gap was very 
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much larger in Central- Eastern European and Baltic countries 
than elsewhere, especially in Southern Europe (Barcelona: 
Spain; Turin and Emilia: Italy) (figure 3). Moreover, a threefold 
geographic divide was apparent, especially among men, whereby 
educational inequalities in cardiovascular mortality were lowest 
in Southern European populations, of intermediate magnitude in 
Nordic and Western countries and highest in Baltic and Central- 
Eastern European countries. Irrespective of the measure, 
Southern European populations and, to some extent, Austria 
and Switzerland, combined small absolute with small relative 
inequalities; conversely, Central- Eastern European countries 
combined large absolute with large relative inequalities.
Trends and inequalities by occupation
For those populations in which an assessment of occupa-
tional inequalities in cardiovascular mortality was possible, 
the picture was largely similar to that seen for educational 
inequalities (online supplementary figure S5, table S7–S11). 
Manual workers, who had the highest burden of death, expe-
rienced the largest absolute declines in mortality, whereas men 
in upper non- manual jobs, who had the lowest mortality, expe-
rienced the largest relative declines. Turin (Italy) and Lithuania 
stood out because both absolute and relative declines were 
larger among the manual workers in the former and among the 
upper non- manual employees in the latter. Also for occupa-
tional differences, the absolute gap generally narrowed while 
the relative gap widened and by the 2010s a geographical 
divide was appreciable.
dIsCussIOn
This study provides a robust and up- to- date analysis of trends 
in relative and absolute socioeconomic inequality in cardio-
vascular disease mortality in Europe. It covered two- and- 
a- half decades and 12 populations, allowing to appreciate 
how inequalities have evolved over time and geographically. 
Moreover, for men in most of the populations included in the 
comparison, two different aspects of socioeconomic stratifica-
tion were measured, and because the overall results for educa-
tion and occupation were similar, this considerably strengthens 
the conclusions.
The analysis of cardiovascular mortality rate trends showed 
that lower socioeconomic groups experienced strong declines; 
this suggests that the benefits of cardiovascular prevention and 
treatment have reached all socioeconomic groups. These declining 
trends are likely to reflect favourable changes in either health- 
related behaviours (eg, smoking, diet and alcohol consumption) or 
healthcare effectiveness (eg, hypertension detection and treatment, 
statin prescriptions and thrombolytic therapy) or both. Few studies 
have estimated the quantitative contribution of these factors to 
trends in inequalities. In Denmark, declines in IHD mortality 
between 1991 and 2007 came from favourable changes in risk 
factors shared among all socioeconomic groups.12 In England 
and Scotland instead the narrowing of absolute inequalities in the 
2000s was attributed to a socially uniform uptake of treatments 
rather than risk factor changes.13 14 An interpretation in terms of 
reasonably equal access and quality of medical care in the decline 
of cardiovascular mortality in Europe is supported by a previous 
study of trends in mortality from conditions amenable to medical 
interventions, which also showed a considerable reduction in 
mortality from these conditions among the low educated and a 
narrowing of absolute inequalities.15
The results of our study showed that absolute inequalities 
in cardiovascular mortality have often narrowed but relative 
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Figure 2 Changes in absolute and relative educational inequalities in total cardiovascular disease mortality between 2000-2004 (period in which 
data became available for all populations) and 2010–2014, by population and gender, 35–79 years. Note: changes in relative inequalities (ratio 
measures) were calculated using the following formula where RII stands for Relative Index of Inequality: 100*(RII2010-14- RII2000-04)/(RII2000-04 – 1). 
Changes in absolute inequalities (difference measures) were calculated using the following formula where SII stands for Slope Index of Inequality: 
100* SII2010-14- SII2000-04)/(SII2000-04).
Figure 3 Total cardiovascular disease age- standardised mortality rates (ASMR) and 95% CI among low and high educated, by population and 
gender, 35-79 years, 2010–2014.
inequalities mostly widened, confirming previous evidence.6 16 
Researchers and policymakers do not agree on what measures 
to use for monitoring progress in tackling health inequalities, 
particularly on whether to use relative or absolute measures. 
Focusing on relative or absolute measures of inequalities 
ultimately depends on one’s normative standpoint.17 Using 
relative measures implies an egalitarian position, in which what 
matters is equality in itself, independent of other considerations 
such as the absolute disease rates for each group. Using absolute 
measures implies the pragmatic view that absolute rates matter 
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Key messages
What is already known on this subject?
 ► Cardiovascular diseases are still a leading cause of death in 
Europe, although death rates decreased remarkably over the 
last three decades.
 ► Deaths from cardiovascular disease are inequitably 
distributed across socioeconomic groups, and larger relative 
declines in cardiovascular mortality have been observed 
among individuals in higher socioeconomic positions in the 
1980s and 1990s in many European countries.
 ► Less attention has been paid to what happened to absolute 
inequalities, which express the difference between the 
mortality rates of the highest and the lowest socioeconomic 
groups.
What might this study add?
 ► We systematically assessed both ratio measures of relative 
inequalities and difference measure of absolute inequalities 
in cardiovascular mortality and showed that, although 
relative inequalities increased over time, absolute inequalities 
often declined substantially on all measures used in the 12 
European populations analysed.
 ► In most of the populations, two different aspects of the 
socioeconomic position, educational level and occupational 
class, were analysed for men, and because the overall results 
for education and occupation are similar, it considerably 
strengthens our conclusions.
How might this impact on the clinical practice?
 ► Equity- oriented healthcare services with an appropriate 
emphasis on both prevention and treatment have the 
potential to further reduce the gap in cardiovascular disease 
mortality and thereby the gap in total mortality between 
socioeconomic groups, which is still substantial in most 
countries.
 ► Studying how England and Wales, the best performer country 
in this study, has achieved a large reduction of absolute 
inequalities in cardiovascular disease mortality without 
increasing relative inequalities may provide lesson clues for 
other countries’ health systems.
most for people in lower socioeconomic groups and that a 
smaller absolute mortality excess is still important even if it goes 
together with a larger relative mortality excess.18 Therefore, 
from a pragmatic view, the narrowing of absolute inequalities 
in cardiovascular mortality is a very favourable development, 
despite the concurrent rise in relative inequalities, which as 
scenario calculations have shown, may be almost inevitable in 
a context of overall declining cardiovascular disease mortality.19
There were also instances in which both absolute and relative 
inequalities narrowed over time. This happened in England and 
Wales where, between 1997 and 2010, an ambitious intersecto-
rial national programme was carried out to tackle health inequal-
ities.20 Recent evidence showed that this programme may have 
reduced geographical inequalities in life expectancy.21 Moreover, 
since the mid- 2000s, the Department of Health launched a series 
of actions aimed at narrowing cardiovascular disease inequali-
ties, including a lifestyle counselling and active treatment offer, 
that contributed to population- wide reductions in smoking 
levels and increases in statins use, and a screening programme, 
whose coverage did not differ by deprivation.22 In Turin (Italy), 
socioeconomic disparities in CVD mortality declined substan-
tially among men; no such notable reduction was seen for IHD 
inequalities, which indicates the presence of CVD- specific 
factors, for example, alcohol consumption. The decline in educa-
tional disparities in alcohol- related mortality in Turin over time 
coupled with the finding of higher alcohol consumption among 
high educated men23 points to the role of changing patterns of 
alcohol intake in narrowing CVD inequalities.
This study adds to the evidence on geographic differences 
and confirms that countries differ enormously in the burden 
and in the magnitude of cardiovascular mortality inequalities 
with Southern Europe having the smallest rates and inequali-
ties and Central- Eastern and Baltic countries having the largest 
ones. The socially widespread adoption of the Mediterranean 
diet, which is associated with a lower risk of cardiovascular 
disease, is a potential explanation for the comparatively low 
cardiovascular mortality rates and socioeconomic differ-
ences in Southern Europe.24 However, a recent Italian study 
reported an association between the economic recession and 
lower adherence to the Mediterranean diet among the most 
deprived groups,25 suggesting that the levelling effect of the 
Mediterranean diet on cardiovascular mortality inequalities 
may be lost in the future.
Larger inequalities in Central- Eastern European and Baltic 
countries have been reported for cardiovascular mortality and for 
other causes of deaths and attributed to a combination of inequal-
ities in smoking, excessive alcohol consumption and lack of access 
to good quality healthcare, against a background of the transition 
to a market economy in the 1990s.26
limitations
Despite a careful data harmonisation, data comparability issues 
may still affect the results. Potential sources of bias are the varia-
tions over time and between countries in certification and coding 
of causes of death. The miscoding of IHD may threaten the 
validity of cross- countries comparisons.27 To evaluate the poten-
tial for misclassification, we performed a sensitivity analysis and 
re- estimated absolute and relative inequalities by education for 
IHD combined with other heart disease (online supplementary 
figure S6). The picture did not change substantially, and although 
a certain degree of misclassification cannot be ruled out, it 
appears unlikely that this alone can explain our findings. The 
coding of CVD deaths is similarly critical. In Estonia, changes in 
coding practices resulted in a sharp decrease in cerebrovascular 
mortality since the 2000s.28 These changes, although likely not 
sensitive to SEP, may still affect absolute inequalities, and there-
fore, figures for Estonia must be interpreted cautiously.
Differences in population coverage exist between countries 
included in the study. For Spain, data came from Barcelona 
only. A longitudinal mortality study based on the 2001 census 
compared educational inequalities between the entire country 
and subnational areas and concluded that Barcelona does not 
misrepresent the country.29 For Italy, data came from Turin and 
Emilia, two Northern urban and wealthy areas. A nationwide 
cohort study based on the 2011 census showed that the educa-
tional gap in cardiovascular mortality was slightly wider among 
men in the North and women in the South30 suggesting that 
including only cohorts from Northern areas may overestimate 
among males and underestimate among females the magnitude 
of inequalities for the whole country.
In England and Wales, low and middle levels of education could 
not be distinguished. A wider gradient could have been concealed 
by the lack of a more precise stratification, and therefore, 
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inequalities’ estimates should be cautiously interpreted. Nonethe-
less, the consistency with the results by occupational class provides 
additional evidence for a decrease in absolute inequalities and a 
substantial stability in relative inequalities.
COnClusIOns
Lower socioeconomic groups have experienced remarkable declines 
in cardiovascular mortality rates over the last 25 years, and trends 
in inequalities can be qualified as favourable overall. Nevertheless, 
further reducing inequalities in cardiovascular mortality, especially 
in the Nordic, Central- European and Baltic countries, remains an 
important challenge for European health systems and policies.
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